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i SUMMARY 

r 
i 

This r e p o r t  d e s c r i b e s  work done i n  a t t e m p t i n g  to es t i -  

mate t h e  shadowing e f fec t  of t h e  f e e d  s u p p o r t  on t h e  secon-  

d a r y  r a d i a t i o n  p a t t e r n  of t h e  2 1 0  f t .  d i a m e t e r  p a r a b o l o i d a l  

r e f l ec to r  aer ia l  a t  Pa rkes ,  A u s t r a l i a .  

was c a l c u l a t e d  u s i n g  t h e  approximate Kirchhoff  sca la r  

d i f f r a c t i o n  t h e o r y  a p p l i e d  t o  t h e  r e f l ec to r  a p e r t u r e  d i s t r i b -  

u t i o n .  

The secondary  p a t t e r n  

The feed s u p p o r t  t r i p o d  was r e p r e s e n t e d  by t h r e e  

t r i a n g u l a r  shaped l e g s  assumed t o  be l y i n g  in t h e  p l a n e  of 

t h e  a p e r t u r e .  An o p t i c a l  exper iment  t o  o b t a i n  and photograph  

d i f f r a c t i o n  p a t t e r n s  o f  s i m i l a r l y  o b s t r u c t e d  a p e r t u r e s  w a s  

used t o  check t h e  c a l c u l a t e d  p a t t e r n .  

r a d i a t i o n  p a t t e r n  of t h e  aer ia l  i t s e l f  was measured a t  a 

wavelength  of 7 5  c m  u s i n g  t h e  sun (for t h e  o u t e r  s ide lobes)  

and Taurus A (for t h e  inner sidelobes) as s o u r c e s o  

The secondary  

The 

c a l c u l a t e d  and measured p a t t e r n s  were t hen  compared and t h e  

e f fec ts  af o t h e r  f a c t o r s  n e g l e c t e d  ir, t h e  theoretical 

c a l c u l a t i o n  were e s t i m a t e d .  
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1. I n t r o d u c t i o n  t o  t h e  T h e o r e t i c a l  C a l c u l a t i o n  of t h e  

Secondary P a t t e r n  

The r a d i a t i o n  p a t t e r n  o f  an ae r i a l  shou ld  be c a l c u l a t e d  

from Maxwell 's  e q u a t i o n s  u s i n g  t h e  e l e c t r o m a g n e t i c  boundary 

c o n d i t i o n s ,  I n  t h i s  c a s e  t h e  a e r i a l  c o n s i s t s  of a 210  ft .  

d i a m e t e r  p a r a b o l o i d a l  r e t l e c t o r  ana a pr imary Teed, se, that 

t h e  t o t a l  f i e l d ,  c o n s i d e r i n g  t h e  aerial  as a t r a n s m i t t e r ,  

would c o n s i s t  of t h e  s u p e r p o s i t i o n  of t h e  s c a t t e r e d  f i e l d s  

from the r e f l e c t o r  and t h e  primary f e e d .  I t  i s  also possible 

t o  calculate t h e  r a d i a t i o n  p a t t e r n  from the  r e f l ec to r  

a p e r t u r e  f i e l d  d i s t r i b u t i o n  C11, Normally, it i s  n e c e s s a r y  

t o  s p e c i f y  t h e  a p e r t u r e  f i e l d  i n  te rms  of  i t s  p o l a r i z a t i o n ,  

ampl i tude  and phase.  IIowever, by making s u i t a b l e  approxim- 

a t i o n s  t he  e l e c t r o m a g n e t i c  f i e l d  e q u a t i o n s  may be reduced 

t o  a scalar  d i f f r a c t i o n  i n t e g r a l ,  and as w e  are on ly  i n t e r -  

e s t e d  i n  t h e  far f i e l d ,  o r  Fraunhofer  r e g i o n ,  t h i s  i n t e g r a l  

becomes t h e  Kirchhoff  scalar d i f f r a c t i o n  i n t e g r a l  C21. 

The approximat ions  it i s  necessary t o  make t o  use t h e  

scalar  t h e o r y  are: (i) t h a t  t h e  a p e r t u r e  f i e l d  is l i n e a r l y  

p o l a r i z e d  and consequen t ly  t h a t  l i t t l e  power goes i n t o  t h e  

cross p o l a r i z e d  component, (ii> t h a t  t h e  diameter of t h e  

a p e r t u r e  i s  very l a r g e  compared t o  the wavelength,  (iii) t h a t  

t h e  a p e r t u r e  is i l l u m i n a t e d  with a p l ane  p a r a l l e l  wave, t h i s  

i m p l i e s  t h a t  the r e f l ec to r  i s  i n  t h e  f a r  f i e l d  of t h e  



2. 

pr imary  f eed .  The f a r  zone f i e l d ,  a t  a p o i n t  P is t h e n  

g i v e n  by Ell; 

t 
2n where k = - T 

R = d i s t a n c e  from t h e  o r i g i n  t o  t h e  p o i n t  

r i s  a u n i t  v e c t o r  i n  the  d i r e c t i o n  of R 

n 

P 

- 
i s  a u n i t  v e c t o r  normal t o  t h e  p l a n e  o f  t he  

a p e r t u r e  

i s  a v e c t o r  from t h e  o r i g i n  of t h e  c o - o r d i n a t e  

sys t em t o  t h e  element  of area dA i n  t h e  

a p e r t u r e  

- 

p - 

F(A) is  t h e  ampl i tude  d i s t r i b u t i o n  o v e r  t h e  a p e r t u r e  

s i s  a u n i t  v e c t o r  a long  a r a y  th rough  t h e  

a p e r t u r e .  

- 

I n  a d d i t i o n  t o  t h e  above approx ima t ions ,  w e  have 

n o r  i s  c o n s t a n t  o v e r  t h e  a p e r t u r e  and e q u a l  t o  cos  6 , 
where i s  t h e  a n g l e  between the  normal  t o  t h e  a p e r t u r e  

and the  d i r e c t i o n  r . Also nos = 1 , b u t  o n l y  if t h e  

phase  d i s t r i b u t i o n  i s  c o n s t a n t ;  t h i s  i s  why the  r e f l e c t o r  

needs  t o  be i n  t h e  f a r  f i e l d  of t h e  p r imary  feed so t h a t  

a f t e r  geometric r e f l e c t i o n  of the r a d i a t i o n  from t h e  feed,  

t h e  a p e r t u r e  i s  i l l u m i n a t e d  by a p l a n e  wave parallel t o  t h e  

- -  
6 

- -  - 



3 ,  e 
a p e r t u r e .  If t h e  re f lec tor  i s  n o t  i n  t h e  f a r  f i e l d  o f  t h e  

r e f l e c t o r ,  phase  e r r o r s  w i l l  be  i n t r o d u c e d  across t h e  aper -  

t u r e ,  Thus e q u a t i o n  (1) now becomes: 

If t h e  a p e r t u r e  l i es  i n  t h e  x-y p l a n e  of a C a r t e s i a n  

co -o rd ina te  sys tem,  then  eqn. (2) may be expres sed :  

where p = x cos Q + y s i n  Q 

and 0 , $ are t h e  c o n v e n t i o n a l  s p h e r i c a l  c o - o r d i n a t e s  of 

t h e  p o i n t  P , 

For  l a r g e  a p e r t u r e s  a lmos t  a l l  t h e  ene rgy  i s  concen- 

t ra ted i n  t h e  r e g i o n  of ve ry  small 8 so  t h a t  t h e  v a r i a t i o n  

i t n  cos 8 i s  u s u a l l y  n e g l e c t e d .  I f  the a p e r t u r e  i s  c i r c u l a r  

i n  shape ,  t h e n  t h e  o r i g i n  of the co-o rd ina te  sys tem w i l l  be 

a t  the  c e n t r e  of t h e  a p e r t u r e  and p o l a r  c o - o r d i n a t e s  

( r , 4 ' )  w i l l  be used  i n  t h e  p l a n e  of t h e  a p e r t u r e .  

L e t  x = r cos  4 '  

y = r s i n  $ I  t h e n  dxdy 5 r d r d + '  

and eqn, ( 3 )  becomes, 
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4. 

The c o n s t a n t  i n  f r o n t  of t h e  i n t e g r a l  has been o m i t t e d  as we 

are o n l y  i n t e r e s t e d  in t h e  r e l a t i v e  i n t e n s i t y  of t h e  

d i f f r a c t i o n  p a t t e r n ,  

I n  b o t h  e q u a t i o n s  ( 3 )  and (4) t h e  exponents  

k ( x c o s $ + y s i n  @ ) s i n  0 and k r s i n  SCOS(~-I$') r e p r e s e n t  t h e  

phase  d i f f e r e n c e  between a r a y  f ron an  e lement  of area i n  t h e  

a p e r t u r e  and a ray  from t h e  r e f e r e n c e  p o i n t ,  which i s  t h e  

o r i g i n  of t h e  c o - o r d i n a t e  system, t h e  r a y s  b e i n g  i n  a 

d i r e c t i o n  8 t o  the normal of t h e  a p e r t u r e .  Thus t h e  far 

f i e l d  p a t t e r n ,  o b t a i n e d  from scalar d i f f r a c t i o n  t h e o r y ,  is 

c a l c u l a t e d  by add ing  up a l l  t h e  e l e m e n t s  of t h e  a p e r t u r e  i n  

a m p l i t u d e  and phase i n  t h e  required d i r e c t i o n  ( e , $ >  . 
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2 ,  Theoretical C a l c u l a t i o n  of t h e  Secondary Rad ia t ion  P a t t e r n  

The p a r a b o l o i d a l  r e f l e c t o r  a e r i a l  a t  Parkes has a 

t r i p o d  s t r u c t u r e  t o  s u p p o r t  t h e  aerit l l  c a b i n  from which t h e  

f e e d  i s  suspended ,  T h i s  t r i p o d  s t r u c t u r e ,  which c o n s i s t s  of 

s tee l  l a t t i c e  work about 2 ' 6 "  wide an2 4 ' 0 "  deep ,  w i l l  modi- 

f y  t h e  secondary  r a d i a t i o n  p a t t e r n  of t h e  a e r i a l  due t o  

shadowing, s c a t t e r i n g  and d i f f r a c t i o n  e f f ec t s ,  Although the 

t r i p o d  legs are metal and would, i n  f a c t ,  conduct  and re- 

radiate  ene rgy  as w e l l  as shadowing t h e  a p e r t u r e ,  it has 

been assumed t h a t  t h e y  r e p r e s e n t  o n l y  b l o c k i n g  o r  a b s o r b i r e  

s c r e e n s  o v e r  t h e  a p e r t u r e .  

A n  a t t e m p t  has  been  made t o  estimate t h e  e f f e c t  on 

the  s e c o n d a r y  p a t t e r n  of t h e  a p e r t u r e  b l o c k i n g  by t h e  t r i p o d  

s t r u c t u r e  by making a number of approx ima t ions  and assump- 

t i o n s  as l i s t e d  below: 

(i) S i n c e  t h e  d i a m e t e r  of t h e  r e f l e c t o r  a p e r t u r e  i s  much 

larger t h a n  t h e  wavelength ,  it has  been assumed t h a t  

the Kirchhof f  scalar  d i f f r a c t i o n  t h e o r y  nay be used ,  

(ii) I t  i s  assumed t h a t  the t r i p o d  l cgs  l i e  i n  the plane 

of t h e  a p e r t u r e  and ex tend  t o  t h e  edge o f  t h e  a p e r t u r e .  

Although t h e  shape  of t h e  legs i s  r e c t a n g u l a r ,  t hey  

are assumed t o  be t r i a n g u l a r  for t h e  c a l c u l a t i o n .  
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(iii) The a e r i a l  c a b i n ,  from which t h e  feed i s  suspended,  i s  

assumed t o  be c i r c u l a r  in shape  and t o  l i e  i n  t h e  p l a n e  

of t h e  a p e r t u r e .  

( i v )  The a p e r t u r e  i s  assumed t o  be i l l u m i n a t e d  by cn i fo rm 

p l a n e  p a r a l l e l  waves. 

These assumpt ions  and approx ima t ions  a re ,  of  c o u r s e ,  

n o t  s t r i c t l y  t r u e .  For  t h e  f i r s t  assumpt ion  F A = f o r  
A = 20 c m  and h f o r  A = 75  c m  These are v e r y  a = m  
much smaller r a t i o s  t h a n  for e q u i v a l e n t  o p t i c a l  cases, where 

t h e  a p e r t u r e  diameter i s  u s u a l l y  some thousands  of wave- 

l e n g t h s  i n  e x t e n t  . 
t h e o r y  will not be as a c c u r a t e  for t h e  a e r i a l  as i t  i s  for 

am o p t i c a l  case. 

Thus t h e  approximate  scalar d i f f r a c t i o n  

I t  h a s  a l r e a d y  been p o i n t e d  o u t  t h a t  t h e  r e p r e s e n -  

t a t i o n  of t h e  t r i p o d  l egs  as p u r e l y  a b s o r b i n g  s c r e e n s  i s  n o t  

e n t i r e l y  c o r r e c t  due t o  t h e  f ac t  t h a t  t h e y  are conduc to r s .  

The shape  of t h e  t r i p o d  legs  was assumed t r i a n g u l a r  t o  

s i m p l i f y  t h e  d i f f r a c t i o n  i n t e g r a l  l i m i t s ,  

d i s t r i b u t i o n  was made uni form t o  s i m p l i f y  t h e  i n t e g r a t i o n  

i t s e l f  , 

which  is d i s c u s s e d  l a t e r  i n  t h i s  s e c t i o n ,  i s  u s u a l l y  t o  re- 

duce  t h e  s i d e l o b e  l e v e l  and broaden t h e  w i d t h  of t he  main 

lobe w h i l e  t h e  g e n e r a l  shape  of t h e  p a t t e r n  remains  t h e  same. 

The a p e r t u r e  

?'he effect  of t a p e r i n g  t h e  a p e r t u r e  d i s t r i b u t i o n ,  
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7. 

D i f f r a c t i o n  i n t e g r a l  

The f o l l o w i n g  i s  an o u t l i n e  of the c a l c u l a t i o n  of t h e  

scalar d i f f r a c t i o n  p a t t e r n  of a un i fo rmly  i l l u m i n a t e d  

c i r c u l a r  a p e r t u r e  o b s t r u c t e d  by three t r i a n g u l a r  shaped legs  

and a c i r c u l a r  c e n t r a l  o b s t a c l e ,  

A diagram of t h e  aperture and t h e  c o - o r d i n a t e  sys tem 

i s  shown i n  Fig.  1. 

The symbols are d e f i n e d  below. 

a = r a d i u s  of t h e  c e n t r a l  b l o c k i n g  p o r t i o n ,  

b = r a d i u s  of t h e  a p e r t u r e ,  

X = wavelength ,  

8 = a n g l e  between t h e  d i f f r a c t e d  rays and t h e  normal  t o  

t h e  a p e r t u r e  , 
r,Q = polar c o - o r d i n a t e s  of t h e  a p e r t u r e ,  

- - r  F i s  t h e  nc rma l i zed  r a d i u s ,  

- a is t h e  relative r a d i u s  of t h e  c e n t r a l  blocking ' 6  
p o r t i o n  , 

- -  - 2.rrb s i n  8 i s  the g e n e r a l i z e d  r a d i a t i o n  a n g l e ,  

= a n g u l a r  o r i e n t a t i o n  of t h e  d i f f r a c t i o n  p a t t e r n  
h 

r e l a t i v e  t o  the r e f e r e n c e  d i r e c t i o n ,  

= h a l f  a n g u l a r  w id th  of a t r i a n g u l a r  T r ipod  leg, 

The reference d i r e c t i o n  has been t a k e n  along t h e  

c e n t r e  of one o f  t h e  t r i p o d  l e g s ,  



i 
I 

n 

\ Reference leg 

OC = path difference between ray from the centre 0,  and a ray from the 
element of area at A 

FIG. 10 

The radiu 
blocking 

FIG. l b  
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Following t h e  t h e o r y  i n  s e c t i o n  1 it i s  n e c e s s a r y  t o  

f i n d  t h e  phase  d i f f e r e n c e  between rays from t h e  e lement  of 

0 and rays from t h e  cen t r e  o f  t h e  a p e r t u r e  
area at *1 
From the  f i g u r e :  

- 2 q  61 - - - r cos Q s i n  e A1 and 3 = A Phase d i f f  between 

(5) 

The e x p r e s s i o n  f o r  t h e  c o n t r i b u t i o n  of t h e  e l emen t  

of area rdrd@ a t  R1 t o  t h e  r e s u l t a n t  ampl i tude  of t h e  

d i f f r a c t i o n  p a t t e r n  i s ,  from e q u a t i o n  (4) of s e c t i o n  1 : 
-jT 2 n  rcosos ine  

d a l ( r , $ )  = F ( r , 4 ) e  r d r d 4  
-jr 2 n  rcos4sine 

= l e e  r d r d Q  , (6) 

F ( r , $ )  = 1 for a un i fo rmly  i l l u m i n a t e d  a p e r t u r e .  

S i m i l a r l y ,  t h e  phase  d i f f e r e n c e s  o f  r a y s  f rom t h e  

e l e m e n t s  of area A2 and A 3  from t h e  c e n t r e  0 are : 

To o b t a i n  t h e  r e s u l t a n t  ampl i tude  of d i f f r a c t i o n  

p a t t e r n  it i s  n e c e s s a r y  t o  add the c o n t r i b u t i o n s  of t h e  t h r e e  

e l e m e n t s  of area t o g e t h e r ,  Taking t h e  e l e m e n t  of area a t  
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A1 as a r e f e r e n c e ,  w e  g e t  
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I 
'3'&1 + e  daR = da lC l t e  &2-&1 

The e l e m e n t a r y  ampl i tudes  may b e  added b e f o r e  i n t e -  

g r a t i o n ,  s i n c e  t h e  i n t e g r a l  l i m i t s  o v e r  t h e  three s i m i l a r l y  

shaped  p o r t i o n s  of t h e  a p e r t u r e  can be made the same. 

Thus from e q u a t i o n  ( 7 )  t h e  t o t a l  a m p l i t u d e  from the  

t h r e e  areas i s  : 

*e  IPdPdO 

where c i s  a c o n s t a n t  = b 2 

The i n t e n s i t y  of t h e  d i f f r a c t i o n  p a t t e r n  w i l l  be 

g i v e n  by t h e  p r o d u c t  of t h e  ampl i tude  

p l e x  c o n j u g a t e  aR(u, 'JI)  Thus w e  o b t a i n  

aR(u,+) and i t s  com- 
.*. .. 



I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

s ’  = I c t I  

The i n t e g r a l s  IC and Is can  be e v a l u a t e d  by sub-  

s t i t u t i n g  f o r  cosCx c o s  4 1  and s inCx cos 4 1  e tc ,  i n  

terms of a seriss of Bessel f u n c t i o n s ,  

T h i s  e n a b l e s  t h e  i n t e g r a t i o n  with respect to 

o u t  (see Appendix P i a l ) ,  The result is :- 

4 t o  be c a r r i e d  



The i n t e g r a t i o n  w i t h  respect  t o  

using t h e  f o l l o w i n g  Bessel f u n c t i o n  r e l a t i o n s h i p s  : 

p may now be carried o u t  

The f i n a l  r e s u l t  of t h e  i n t e g r a t i o n  i s  :- 



00 m 

Jl9(U)-aJ ( Q U )  1 J ( ~ 1 - 1  J ( Q U I  
r=O 2 r t 2 0  r=O 2 r t 2 0  + 36 2 ]cos 18Jlsin18y 

1 9  
U 

U 

J (u)-oJ~(uu) 1 J (~1-1  J (UU) 
r=O 2 r t 5  r = O  2r+5 

+ C6C{$ U + G  2 Icos3$s in3y  
2 4  

U 
Q, W 

J (U)-UJlO(~u)  1 J (u1-1 2 (au) 
r = O  2 r + l l  r=O 2 r + l l  I cos9~s in9y  

2 + 18 2[ 1 0  
U 

U 
- v  

W m 

I t  i s  not  necessary t o  know the c o n s t a n t  

relative ampl i tude  of t h e  d i f f r a c t i o n  p a t t e r n  i s  required,  

c s i n c e  o n l y  t h e  

A s  a check  on t h e  c a l c u l a t i o n ,  p u t  y = 0 and u = 0 , 
then J1(u) 2 

I(u,qJ) = C 2 T C  - 1 U 



I 
I 

which i s  j u s t  t h e  i n t e n s i t y  of t h e  F raunhofe r  d i f f r a c t i o n  

p a t t e r n s  for a n  u n o b s t r u c t e d  c i r c u l a r  a p e r t u r e  w i t h  un i form 

a p e r t u r e  i l l u m i n a t i o n .  

S i m i l a r l y ,  i f  y = 0 and u # 0 , t h e n  

which i s  t h e  i n t e n s i t y  of t h e  Fraunhofer  d i f f r a c t i o n  p a t t e r n  

of IZ u n i f o r m l y  i l l u m i n a t e d  c i rcu lar  a p e r t u r e  w i t h  a c e n t r a l  

d i s k  o f  r e l a t i v e  diameter u 

Comments on t h e  c a l c u l a t e d  p a t t e r n  

From e q u a t i o n  ( 9 )  t h e  i n t e n s i t y  I n ( u , $ )  of the  

d i f f r a m i o n  p a t t e r n  was calculated f o r  t h e  f o l l o w i n g  values:  

9 = 0 ,  lSO, 30° 

u = 0 t o  2 0  ( c o r r e s p o n d i n g  t o  t h e  f i rs t  f i v e  

s i d e l o b e s )  

y = l o o  
u = 0.05 . 

The v a l u e  of y was d e l i b e r a t e l y  chosen large t o  

emphas ize  t h e  shadowing e f f ec t .  

a t i o n s  are shown iri Figs, 2(a), ( 5 )  and ( c ) .  

The results of t h e  c a l c u l -  

The i n t e n s i t y  has a r o t a t i o n a l  synimetry of 60°, t h u s  
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14 

t h e  p a t t e r n  i s  s p l i t  i n t o  s i x  main p a r t s  even  though t h e r e  

are o n l y  t h r e e  t r i a n g u l a r  l e g s  o b s t r u c t i n g  the  a p e r t u r e  . 
There i s  a l so  a mirror symmetry a b o u t  d i r e c t i o n s  which are 

p e r p e n d i c u l a r  and p a r a l l e l  t o  t h e  d i r e c t i o n s  of t h e  l e g s  

( i , e .  f o r  9 = 90' o r  30° and Q = 0' o r  60°). 

These symmetr ies  are e a s i l y  seen i n  Fig.  2 ( d ) ,  which 

i s  a d iagram of t h e  complete  d i f f r a c t i o n  p a t t e r n  f o r  a l l  

I) ; t h e y  can also be sirriply checked by examining t h e  JI 

v a r i a t i o n  of e q u a t i o n  ( 9 )  . 
I n  o r d e r  t o  compare t h e  c a l c u l a t e d  d i f f r a c t i o n  p a t t e r n s  

w i t h  t h a t  of an u n o b s t r u c t e d  a p e r t u r e ,  t h e  d i f f r a c t i o n  

p a t t e r n  of a un i fo rmly  i l l u m i n a t e d  u n o b s t r u c t e d  c i r c u l a r  

a p e r t u r e  h a s  been drawn i n  F i g .  2(e).  The r e q u i r e d  i n t e n s i t y  

i s  g i v e n  from cqua t io r ,  ( 9 )  w i t h  u = 0 and y = 0 i r e r  

J1(u) 2 
I ( u )  = c 2 n c  -3 . 

U (Sa) 

The most n o t i c e a b l e  e f f e c t  of t h e  shadowing is s e e n  

i n  Fig.  2 (c )  for 

d i r e c t i o n  p e r p e n d i c u l a r  t o  a leg.  

s econd  s i d e l o b e  ( o r  maxima) d i s a p p e a r s  and t h e  odd numbered 

I$ = 30° which also c o r r e s p o n d s  t o  a 

A t  t h i s  p o s i t i o n  every 

s i d e l o b e s  ( o r  maxima), e x c e p t  the f i r s t ,  are g r e a t l y  i n t e n -  

s i f i e d .  T h i s  i s  s e e n  c l e a r l y  by comparing Fig.  2(c)  w i t h  

t h e  d i f f r a c t i o n  p a t t e r n  of the u n o b s t r u c t e d  a p e r t u r e  i n  F ig ,  

2 ( e ) .  Thus i n  t h e  d iagram of t h e  comple te  p a t t e r n ,  Fig.Z(d1, 
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t h e  second maximum, i s  s p l i t  up i n t o  s i x  v e r y  d i s t i n c t  

s e p a r a t e  p a r t s .  

t h o s e  of t h e  u n o b s t r u c t e d  a p e r t u r e ,  o c c u r  a t  

60° , t h a t  i s  i n  d i r e c t i o n s  a long  and p a r a l l e l  t o  t h e  

t r i a n g u l a r  l e g s .  

Tnese peaks ,  which are more i n t e n s e  t h a n  

;Ir = Oo and 

I t  i s  e x p e c t e d  t h a t  t h e  main e f f e c t  of the Three 

t r i a n g u l a r  o b s t r u c t i o n s  would be a l o n g  lines p e r p e n d i c u l z r  

t o  them. 

p a t t e r n  of a s l i t .  

d i f f r a c t i o n  p a t t e r n  f o p  a s l i t  i n  t h e  

form i l l u m i n a t i o n  i s  : 

T h i s  may be e s t i m a t e d  by c o n s i d e r i n g  t h e  d i f f r a c t i o n  

From e q u a t i o n  ( 3 )  t h e  i n t e n s i t y  of t h e  

x , y  p l a n e  w i t h  uni -  

s i n ( T s i n e c o s + )  na s i n ( - p i n e s i n S )  lrb 2 
-11. 3 (10) I C  n b  ~ ( e g )  = c o n s t { [  na  

-s in8cos@ x -s i n  8 cos + x 

where 0 i s  t h e  angle between t h e  d i f f r a c t e d  r a y s  and -the 

normal  t o  t h e  a p e r t u r e ,  

Q is t h e  p o l a r  c o - o r d i n a t e ,  measured from t h e  x ax i s ,  

t o  t h e  d i r e c t i o n  of the d i f f r a c t e d  rays, 

is t h e  s l i t  l e n g t h  p a r a l l e l  to the x ax i s ,  

is  t h e  s l i t  l e n g t h  p a r a l l e l  t o  t h e  j r  axis, 

a 

b 

If b c c  a 

t h e n ,  f r o m  eqn. (101, t h e  d i f f r a c t i o n  p a t t e r n  i n t e n s i t y  

p a r a l l e l  t o  t h e  x axis  ( 4 = 0 )  i s  : 

so t h a t  w e  have a s l i t  p a r a l l e l  t o  t h e  x a x i s  
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and t h e  i n t e n s i t y  p a r a l l e l  t o  t h e  y ax is  (6=9O0) i s  

nb s in( -s ino)  2 
= constC Irb n 3 .  

Q --sine 
Ix( 0 )  

x 
(12) 

S i n c e  a > >  b , t h e n  for a given  r ange  of 8 t h e  d i f f r a c t i o n  

p a t t e r n  p a r a l l e l  t o  t h e  x a x i s  will c o n s i s t  of a series of 

c l o s e l y  spaced  p a r a l l e l  f r i n g e s  moving o u t  p e r p e n d i c u l a r l y  

t o  t h e  s l i t ;  w h i l e  t h a t  p a r a l l e l  t o  t h e  y axis w i l l  c o n s i s t  

of a f e w  wide ly  spaced  f r i n g e s  moving o u t  i n  a d i r e c t i o n  

a l o n g  t h e  s l i t ,  

of t h e  t h r e e  t r i a n g u l a r  obstructions t o  be a l o n g  l i n e s  per -  

p e n d i c u l a r  t o  t h e  d i r e c t i o n  of t h e  l o n g e r  dimension o f  t h e  

o b s t r u c t i o n s ,  

Thus we e x p e c t  t h e  main p e r t u r b i n g  e f f e c t  

By B a b i n e t ' s  p r i n c i p l e ,  for Fraunhofe r  d i f f r a c t i o n ,  

t w o  complementary s c r e e n s  produce d i f f r a c t i o n  p a t t e r n s  o f  

e q u a l  i n t e n s i t i e s ,  so  t h a t  a c i r c u l a r  a p e r t u r e  w i t h  a s i n g l e  

G b s t r u c t i n g  w i r e  a l o n g  a d i a m e t e r  s h o u l d  produce a d i f f r a c t -  

i o n  p a t t e r n  which is modi f i ed  by a se r i e s  of f r i n g e s  moving 

o u t  a t  r i g h t  a n g l e s  t o  t h e  wire ,  i n  t h e  n a t u r e  of a l i g h t  

f a n  C31, 

T h i s  e f fec t  i s  seen ,  as already ment ioned ,  a t  r i g h t  
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a n g l e s  t o  t h e  t r i p o d  l e g s ,  

t r i p o d  l e g s  were approximated by t r i a n g u l a r l y  shaped a p e r t u r e  

b lockages ,  

n o t  p a r a l l e l  as i n  t h e  case of the s l i t  mentioned above, 

T h i s  c a u s e s  a, secondary  s p l i t t i n g  of t h e  maxima abou t  

d i r e c t i o n s  p e r p e n d i c u l a r  t o  t h e  l e g s ,  which w i l l  now appea r  

a t  r i g h t  a n g l e s  t o  t h e  t r i a n g u l a r  sides,  The a n g l e  between 

the  t r i a n g u l a r  s i d e s  of each  o b s t r u c t i o n  is small 

20° i n  t h e  c a l c u l a t e d  p a t t e r n ) ,  so  t h a t  t h i s  secondary  

s p l i t t i n g  does n o t  show up u n t i l  abou t  t h e  f o u r t h  maxima of 

t h e  calculated p a t t e r n  (see Fig, 2 ( d ) ) ,  

Howev r, i n  t h i s  c a l c u l a t i o n  t h e  

Thus t h e  t w o  s ides  of  t h e  a p e r t u r e  b lockages  are 

( E  2 y  = 

Effect of t a p e r i n g  the a p e r t u r e  d i s t r i b u t i o n  

I n  p r a c t i c e ,  an  aer ia l  a p e r t u r e  i s  n o t  un i fo rmly  

i l l u m i n a t e d ,  u n l e s s  a b s o l u t e  maximum g a i n  i s  r e q u i r e d  be- 

c a u s e  w i t h  a uni form a p e r t u r e  d i s t r i b u t i o n  t h e  secondary  

maxima (or sidelobes)  are t o o  h igh  and may cause  s p u r i o u s  

e f fec ts ,  

The Parkes aerial has a Gaussian tapered a p e r t u r e  
2 , which means t h a t  t h e  i l l u m i n -  -1.44p d i s t r i b u t i o n  F ( p )  = e 

a t i o n  at t h e  edge i s  12.5 db down on t h a t  a t  t h e  c e n t r e  of 

t h e  a p e r t u r e  , 
The e x p r e s s i o n  f o r  t h e  ampl i tude  of t h e  secondary  

p a t t e r n ,  i n c l u d i n g  t h e  Gaussian a p e r t u r e  d i s t r i b u t i o n ,  can 
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be w r i t t e n  down from eqn. ( 4 )  and i s  : 

(13) 

where 

o t h e r  symbols have t h e  same meaning as b e f o r e .  

t i s  t h e  magnitude of t h e  Gauss ian  t a p e r ,  and t h e  

The i n t e g r a l  with r e s p e c t  t o  $ '  may b e  carried o u t  

s t r a i g h t  away as it i s  a s t a n d a r d  form for t h e  Bessel 

f u n c t i o n  J o ( u p )  . So wa g e t  

2 

g ( u )  = 2sc JO(uP)pdp . 
0 

(14) 

The i n t e g r a l  (14) canno t  b e  e v a l u a t e d  e x a c t l y .  

Doundoulakis  and Geth in  c 4 1  have e v a l u a t e d  it i n  t e r n s  of  a 

c o n v e r g e n t  series o f  Bessel f u n c t i o n s .  T h e i r  r e s u l t  i s :  

However, 

(15) 

which conve rges  f o r  s i x  t o  e i g h t  terms. 

Equa t ion  (15) has been e v a l u a t e d  f o r  t = 1 . 4 4  , 
which i s  t h e  t a p e r  used  on t h e  d i p o l e  feeds f o r  t h e  Parkes 

aerial .  The r e s u l t  i s  p l o t t e d  i n  F i g ,  3(a ) .  

I n  a d d i t i o n ,  t h e  e f f e c t  of- the a p e r t u r e  b l o c k i n g  by 

t h e  ae r i a l  c a b i n  has also been e s t i m a t e d  for a Gaussian 
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t a p e r e d  a p e r t u r e  d i s t r i b u t i o n .  

c i r c u l a r  i n  shape  and of r a d i u s  

r a d i u s .  

a p e r t u r e  and t o  be s i t u a t e d  a t  t h e  c e n t r e  of t h e  a p e r t u r e .  

Equat ion  (14) now becomes 

The aer ia l  c a b i n  was assumed 

r e l a t i v e  t o  t h e  a p e r t u r e  u 

It  was a l s o  assumed t o  be i n  t h e  p l a n e  of t h e  

(15) 

2 
S i n c e  c < e  1 , t h e  a p e r t u r e  d i s t r i b u t i o n  e - tp  over  t h e  

c e n t r a l  o b s t r u c t i o n  may b e  c o n s i d e r e d  c o n s t a n t  and e q u a l  t o  

u n i t y .  

(17) 

The d i f f r a c t i o n  p a t t e r n  of a c i r c u l a r  a p e r t u r e  w i t h  a 

Gauss ian  t a p e r e d  a p e r t u r e  d i s t r i b u t i o n  and a c e n t r a l  blockage 

h a s  been  c a l c u l a t e d  u s i n g  eqn,  (17) and i s  shown i n  Fig. 

3(b)  . 
The t ab le  below compares t h e  r e l a t i v e  i n t e n s i t i e s  o f  

t h e  f i r s t  f i v e  maxima ( o r  s i d e l o b e s )  f o r  an a p e r t u r e  w i t h  



20. 

Maxima No. 

1 

2 

3 

4 

5 

(i) uni form i l l u m i n a t i o n ,  (ii) Gaussian i l l u m i n a t i o n  and 

(ili) Gauss ian  i l l u m i n a t i o n  w i t h  a small  c e n t r a l  a p e r t u r e  

b lockage  . 

R e l a t i v e  I n t e n s i t y  of ?laxima: db. 
(i) Uniform (ii) Gaussian (iii) Gauss ian  

I l l u m i n a t i o n  I l l u m i n a t i o n  w i t h  I l l u m i n a t i o n  ( e - 1 . 4 4 P 2 )  A p e r t u r e  Blockage 
._I.-- - 

-17.6 - 2 7 . 0  -26,2 

-23.8 -31.5 -32.9 

-28.0 -35.4 -33.5 

-31.0 -38.1 -41.5 

-33.6 -40, E 1 -37.6 

From t h e  above t a b l e  w e  see t h a t  t he  s i d e l o b e  l e v e l  

h a s  been  c o n s i d e r a b l y  r educed  by t h e  Gaussian t a p e r e d  ape r -  

t u r e  d i s t r i b u t i o n .  The e f f e c t  of t h e  c e n t r a l  a p e r t u r e  bloc?:- 

age has been t o  r a i se  t h e  f i r s t ,  t h i r d  and f i f t h  s i d e l o b e s  

and t o  lower t h e  even numbered ones .  T h i s  is e x p e c t e d  as i n  

t h e  a m p l i t u d e  ! g ( u ) )  of t h e  d i f f r s s t i o n  p a t t e r n ,  t h e  odd 

numbered s i d e l o b e s  are 180° o u t  of phzise w i t h  t h e  main beam, 

w h i l e  the even  numbered s idelobes are in phase  w i t h  it. 

The r e d u c t i o n  i n  t h e  s i d e l o b e  level by t h e  Gauss ian  

t a p e r e d  a p e r t u r e  d i s t r i b u t i o n  c a u s e s  t h e  main beam t o  broaden.  

The h a l f  power ( 3  db) beamwidth for t h e  un i fo rmly  and 

Gauss i an  i l l u m i n a t e d  a p e r t u r e s  are  g i v e n  below. 

I 



Aper tu re  Tllumination 

U 

Uniform 

Gaussian 

3 db B e a m w i d t h  

0 

( h = 2 1  cm) (x=75 cm) 

1, a i  13.2' 47.0' 

1.90 13.8' 49,4' 

Thus f o r  on ly  a v e r y  smal l  i n c r e a s e  i n  beamwidth t h e  

r e l a t i v e  l e v e l  of the  s i d e l o b e s  may be g r e a t l y  reduced  by 

u s i n g  a Gaussian t a p e r e d  a p e r t u r e  d i s t r i b u t i o n .  
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3 ,  O p t i c a l  Experiment 

To check t h e  d i f f r a c t i o n  p a t t e r n  c a l c u i a t e d  f o r  t h e  

a p e r t u r e  o b s t r u c t e d  by t h r e e  t r i a n g u l a r l y  shaped legs, an 

o p t i c a l  exper iment  was c a r r i e d  out  t o  obse rve  and photograph 

the Fraunhofe r  d i f f r n c t i o n  p a t t e r n s  of c i r c u l a r  a p e r t u r e s  

w i t h  s i m i l a r l y  shaped o b s t r u c t i o n s .  

of a c i r c u l a r  aperture w i t h  three r e c t a n g u l a r l y  shaped legs 

was also observed  t o  g e t  a closer approximat ion  to t h e  

eictual  shape of t h e  t r i p o d  l e g s ,  

The d i f f r a c t i o n  p a t t e r n  

An o u t l i n e  of  t h e  experiment  i s  g iven  i n  t h e  fo l low-  

i n g ,  A diagram of t h e  apparatus used i s  shown i n  Fig.  4, 

The l i g h t  source c o n s i s t e d  of a high p r e s s u r e  mercury arc 

lamp, which i l l u m i n a t e d  a small p in  hole i n  J p i e c e  of 

aluminium f o i l ,  

small by a microscope o b j e c t i v e  l e n s ,  which reduced t h e  

l i g h t  source t o  of  t h e  p i n  hole s i z e .  The l i g h t  from t h e  

reduced  p i n  ho le  sou rce  was c o l l i m t e d  by a 50 c m  f o c a l  

l e n g t h  l e n s .  

w a s  r e q u i r c d  was p laced  between t h e  c o l l i m t i n g  l e n s  and 

another 50 crr. focal l e n g t h  l e n s  used t o  bring the d i f f r s b + '  

The e f f e c t i v e  size of t h e  p i n  hole was made 

" h e  a p e r t u r e  for which t h e  d i f f r a c t i o n  p a t t e r n  

p a t t e r n  t o  a f a c u s ,  The p f i t t e r n  wes examined w i t  . L gh 

power microscope ,  which had a cameni z t tac l iment  t o  photo- 

graph  t h e  magnified d i f f r a c t i o n  pattern. 

In d i f f r a c t i o n  expe r imen t s  it i s  essent ia l  thczt t h e  
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2 2 .  (a) 

p o i n t  s o u r c e  of l i g h t  shou ld  be much smaller t h a n  t h e  c e n t r a l  

s p o t  of t h e  d i f f r a c t i o n  p a t t e r n .  

of t h e  d i f f r a c t i o n  p a t t e r n  are p r o p o r t i o n a l  t o  t h e  f o c a l  

l e n g t h  of t h e  l e n s  and i n v e r s e l y  p r o p o r t i o n a l  t o  the a p e r t u r e  

d i ame te r .  

u n i f o r m l y  i l l u m i n a t e d  c i r c u l a r  a p e r t u r e  (see eqn. (9;:) and 

Fig.  2 ( e ) )  t h e  a n g u l a r  r a d i u s  of t h e  f i r s t  dark r i n g  ( i . e .  

The diameter of t h e  r i n g s  

From c a l c u l a t i o n s  o f  t h e  F raunhofe r  p a t t e r n  f o r  a 

t h e  f i r s t  minimum) is 

rrD 
u = - x s i n  0 = 3 . 8  # 

and since 9 is very  small we may w r i t e ,  

If t h e  f o c u s s i n g  l e n s  h a s  a f o c a l  l e n g t h  f t h e n  t h e  d i a -  

meter ( d )  of t h e  f i r s t  dark r i n g  i s  

d = 2fe . 
I f ,  i n  an a t t e m p t  t o  i n c r e a s e  the .  p a t t e r n  s i z e ,  t h e  a p e r t u r e  

d i a m e t e r  i s  d e c r e a s e d  t h e  i n t e n s i t y  o f  t h e  p a t t e r n  i s  re- 

duced as less l i g h t  is a v a i l a b l e .  Expe r imen ta l ly  an a p e r t u r e  

d i a m e t e r  (D) o f  6.0 rrm was found t o  be t h e  b e s t  compro- 

mice between i n s u f f i c i e n t  l i g h t  i n t e n s i t y  and a too small 

s i z e  o f  t h e  p a t t e r n .  Using a 50 c m  focussing l e n s  t h i s  gave 

t h e  d i a m e t e r  of t h e  f i r s t  da rk  r i n g  as 0 .10  mrn, The s i z e  of 

t h e  pin hole was 0.15  mm i n  d i a m e t e r  which, a f t e r  t h e  reduc-  
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23. 

i n g  lens, became 0 .015  mm i n  d i a m e t e r ,  Hence t h e  l i g h t  s o u r c e  
1 

If t h e h o l c  was made t o o  small t h e  i n t e n s i t y  of t h e  

was a b o u t  F t h e  s i z e  of t h e  c e n t r a l  s p o t  of t h e  d i f f r a c t i c n  

p a t t e r n .  

l i g h t  was a g a i n  reduced .  

Photogriaphs of a number of  d i f f e r e n t  d i f f r a c t i o n  

p a t t e r n s  were t a k e n ,  

w a s  n o t  s c a l e d  t o  t h e  a c t u a l  p h y s i c a l  s i z e  of t h e  Pa rkes  

a e r i a l  because  : 

The aperture d iame te r /wave leng th  r a t i o  

(i) The d i a m e t e r  o f  t h e  ape=.ture would have  t o  be t o o  small ,  

which would make t h e  i n t e n s i t y  of t h e  diffraction p a t t e r n  

t oo  lod. F o r  the P a r k e s  a e r i a l  - x = --- f o r  x = 21 c m  

and = 
D 300 

x 1 f o r  A = 75 cm, so t h a t  w i t h  d i r e c t  s c a l i n g  

fo r  o p t i c a l  f r e q u e n c i e s  

g i v e  a p e r t u r e  d i a m e t e r s  of 0 .15  mm and 0.045 mrn res- 

p e c t i v e l y .  

( A  = L O X ~ O - ~  cm) t h i s  would 

(ii) A sca la r  t h e o r y  of d i f f r a c t i o n  has been used as an 

approx ima t ion  i n  t h e  c a l c u l a t i o n  of t h e  pattern, The 

p a t t e r n  i n t e n s i t y  i s  g iven  by a se r i e s  of Bessel. f u n c t -  

i o n s  whose argument i s  t h e  d i m e n s i o n l c s s  q u a n t i t y  

u = -  rrD s i n  o . Thus the general c o n f i g u r a t i o n  of the A 

p a t t e r n  i s  n o t  changed by changing  t h e  a p e r t u r e  

diameter, b u t  t h e  r e l a t i v e  s i z e  of t h e  p a t t e r n  w i l l  

change . 



I n  t h e  experiment t h e  a p e r t u r e  c o n s i s t e d  of a brass 

p l a t e  w i t h  a c i r c u l a r  h o l e  i n  the centre. The o b s t r u c t i o n s  

p l a c e d  i n  f r o n t  of the a p e r t u r e  c o n s i s t e d  of w i r e  for t h e  

r e c t a n g u l a r l y  shaped  legs and opaque material f o r  t h e  

t r i a n g u l a r l y  shaped legs, The t h r e e  legs For  t h e  t r i a n g u -  

l a r l y  shaped t r i p o d  were c u t  from b l a c k  exposed f i l m  i n  

o r d e r  t o  g e t  s h a r p  e d g e s ,  An a t t e m p t  was made t o  c o n s t r u c t  

a comple te  p h o t o g r a p h i c  a p e r t u r e ,  T h i s  was done by drawing 

a l a r g e  scale n e g a t i v e  of t h e  a p e r t u r e  and i t s  o b s t r u c t i o n  

which w a s  photographed  t o  g i v e  t h e  r e q u i r e d  a p e r t u r e  on t h e  

f i l m  n e g a t i v e ,  However, t h i s  method prcvcd  t o  b e  unsuccess-  

f u l  due t o  i r r e g u l a r i t i e s  i n  t h e  f i l m  t h i c k n e s s ,  which gave 

r i s e  t o  phase d i f f e r e n c e s  across t h e  apertures c a u s i n g  t h e  

d i f f r a c t i o n  p a t t e r n  t o  be changed, 

The photographs  shown i n  F ig .  5(b) are for t h e  

r e c t a n g u l a r l y  legged t r i p o d  o b s t r u c t i o n  and t h o s e  in F i g ,  

5 ( c )  and  ( d )  are f o r  t h e  t r i a n g u l a r l y  legged t r i p o d  ob- 

s t r u c t i o n ,  Fig.  5(a> is f o r  a n  o b s t r u c t i o n  c o n s i s t i n g  of 

s i x  e q u a l l y  spaced  wires, it was i n c l u d e d  t o  compare w i t h  

t he  a p e r t u r e  o b s t r u c t e d  with t h r e e  e q u a l l y  spaced  wires, 

I t  s h o u l d  be n o t e d  t h a t  b o t h  produce six ' l i g h t  f a n s '  even 

t hough  f o r  t h e  wire tripod t h e  wires do n o t  e x t e n d  r i g h t  

across t h e  a p e r t u r e ,  I n  t h e  photographs t h e r e  are some 

a d d i t i o n a l  d i f f r a c t i o n  e f f e c t s ,  due t o  d u s t  p a r t i c l e s  and 
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AP*rture Dio. 7.0mm. 

Wire Thickness 0.026mm. 

LigM Source Dia. 0.020mm. 

6.0mm. Aperture Dia. 

Wire Thickness 0.025mm. 

Light Source Dia. 0.015mm. 

FIG.  5 0 .  FIG.  5b. 
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Aperture Diameter 6.0 mm. 

Light Source Diameter 0.015 mm. 

Angu[ar Width o f  Obstruction 20. 

F IG  5c .  FIG. 5 d .  



a i r  bubb les  i n  t h e  l e n s e s ,  which show up as small sys tems of 

r i n g s ,  

p r e s e n t  equipment ,  

s h a p e s  of t h e  d i f f r a c t i o n  p a t t e r n s  o n l y  were r e q u i r e d ,  i t  

was f e l t  t h a t  t h e s e  s m a l l  d e f e c t s  cou ld  be t o l e r a t e d .  

It  was n o t  p o s s i b l e  t o  e l i m i n a t e  t h e s e  w i t h  t h e  

However, as t h e  g e n e r a l  q u a l i t a t i v e  

The photographs  i n  F ig ,  5(c) and ( d )  are for an 

a p e r t u r e  o f  t h e  same shape  as t h a t  used f o r  c a l c u l a t i n g  t h e  

d i f f r a c t i o n  p a t t e r n  from eqn. ( 9 ) .  

t h e s e  photographs  w i t h  t h e  s k e t c h  o f  t h e  c a l c u l a t e d  p a t t e r n  

( F i g ,  2 ( d )  it i s  s e e n  t h a t  t h e  same g e n e r a l  f e a t u r e s  are 

shown. I n  p a r t i c u l a r ,  i t  shou ld  be n o t e d  t h a t  t h e  second 

maximum i s  broken up i n t o  s i x  s e p a r a t e  and d i s t i n c t  maxima 

and a l s o  t h a t  f u r t h e r  o u t  from t h e  c e n t r e  t h e r e  are twe lve  

' l i g h t  f a n s ' .  

s e c t i o n  2 are caused  by t h e  secondary  s p l i t t i n g ,  due t o  t h e  

f a c t  t h a t  t h e  t r i p o d  l e g s  are n o t  p a r a l l e l  s i d e d  ( i , e .  

r e c t a n g u l a r )  b u t  t r i a n g u l a r  i n  shape .  

a t  r i g h t  a n g l e s  t o  t h e  edges o f  t h e  l e g s ,  

From a comparison of 

These ' l i g h t  f a n s '  as p r e v i o u s l y  e x p l a i n e d  i n  

They o c c u r  of c o u r s e  

There i s  a very  c l o s e  cor respondence  betwee; t h e  

c a l c u l a t e d  and e x p e r i m e n t a l  p a t t e r n s  o v e r  t h e  f i r s t  f i v e  

maxima, which i s  as far as t h e  c a l c u l a t e d  p a t t e r n  was drawn 

o u t .  The photographs  (Fig-. 5 ( c )  and ( d )  c l e a r l y  show t h e  

d i s a p p e a r a n c e  of t h e  even numbered maxima, t o g e t h e r  w i t h  t h e  

i n t e n s i f y i n g  of t h e  t h i r d  and f i f t h  maxima i n  d i r s c t i o n s  a t  



r i g h t  angles  t o  t h e  t r i p o d  legs, and t h a t  t h e  secondary  

s p l i t t i n g  s tar ts  t o  o c c u r  a t  t h e  f o u r t h  maximum, which was 

a l l  p r e d i c t e d  by t h e  c a l c u l a t i o n .  The first maximum is  n o t  

markedly changed,  b u t  does show a s l i g h t  i n t e n s i f y i n g  a t  t h e  

same a n g u l a r  p o s i t i o n s  as the s i x  s e p a r a t e  maxima of t h e  

second b r i g h t  r i n g  ( i . e .  i n  d i r e c t i o n s  a l o n g  t h e  t r i p o d  legs). 

S i n c e  it was not e a s i l y  p o s s i b l e  t o  c a l c u l a t e  t h e  

d i f f r a c t i o n  p a t t e r n  f o r  an a p e r t u r e  o b s t r u c t e d  by rectang- 

u l a r l y  shaped  l e g s ,  t h e  e f f e c t  on t h e  d i f f r a c t i o n  p a t t e r n  

can b e s t i m a t e d ,  q u a l i t a t i v e l y ,  from t h i s  exper iment .  The 

r e s u l t s  s h o u l d  b e  r e a s o n a b l y  r e l i a b l e  as good agreement  w a s  

o b t a i n e d  between t h e  c a l c u l a t e d  and e x p e r i m e n t a l  p a t t e r n s  

for an a p e r t u r e  o b s t r u c t e d  by a t r i p o d  w i t h  t r i a n g u l a r l y  

shaped legs.  The photographs  in Fig, 5(b) are for a c i r c u l a r  

a p e r t u r e  o b s t r u c t e d  by a t r i p o d  w i t h  p a r a l l e l  s i d e d  l e g s .  In 

t h i s  case an  a t t e m p t  was made t o  scale  t h e  wid%h of t h e  

t r i p o d  l e g s  t o  t h e  same r e l a t i v e  s i z e  as t h e  legs on t h e  

P a r k e s  aer ia l  because  t h e  ' l i g h t  fan' wid th  and i n t e n s i t y  i s  

i n v e r s e l y  proportional t o  t h e  l e g  wid th .  (See a l s o  t h e  d i s -  

c u s s i o n  of a s l i t  i n  s e c t i o n  2 ) .  

From r h e  photographs  t h e  dominant f e a t u r e s  are seen 

t o  be  :- 

(i) t h a t  t h e  second maximum is s p l i t  up i n t o  six s e p a r a t e  

peaks  which are n o t  as d i s t i n c t  as t h o s e  for t h e  



t r i a n g u l a r l y  shaped l e g s ;  
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(ii) t h e  s i x  r a d i a l  l i g h t  fans which are p g r p e n d i c u l a r  t o  

t h e  d i r e c t i o n  of t h e  l e g s ,  

maxima for t h e  odd numbered maxima and  nulls f o r  t h e  

even numbered maxima (of t h e  u n o b s t r u c t e d  c i r c u l a r  

a p e r t u r e ) ,  However, t h e  light f a n s  are f l a n k e d  on 

e i t h e r  s i d e  by lower  i n t e n s i t y  f a n s  i n  which t h e  even  

numbered rnaxirna are enhanced and t h e  odd numbered 

riaxima d i s a p p e a r ,  

c l e a r l y  on a l l  t h e  l i g h t  f a n s ,  due t o  s l i g h t  m i s -  

a l i g n m e n t s  o f  the  t r i p o d  legs from b e i n g  e x a c t l y  

120° a p a r t ,  Because t h e  wavelength  i s  s o  small, 

X = 5 , 0 ~ 1 0 - ~  c m  , t h e s e  misa l ignments  need o n l y  be 

very small t o  c a u s e  p a t t e r n  d i s t o r t i o n ,  

These l i g h t  f a n s  havc  s h a r p  

This  l a t t e r  e f f e c t  i s  n o t  shown 

O t h e r  f e a t u r e s  of t h e  p a t t e r n  show t h a t  5etween t h c  

i n t e n s e  l i g h t  fans t h e  normal d i f f r a c t i o n  r i n g s  of an unob- 

s t r u c t e d  c i r c u l a r  a p e r t u r e  are broken up i n t o  small seg- 

ments  of r e l a t i v e l y  l o w  i n t e n s i t y .  

The l i g h t  f a n s  are q u i t e  i n t e n s s  and t h e  r e l a t i v e  

i n t e n s i t y  of some of t h e  o u t e r  maxima i n  them may be g r e a t e r  

t h a n  t h e  i n t e n s i t y  o f  i n n e r  maxima f o r  an u n o b s t r u c t e d  

a p e r t u r e ,  

a t e d  p a t t e r n  of an  a p e r t u r e  o b s t r u c t e d  by t r i a n g u l a r l y  shaped  

This i s  shown i n  t h e  t ab le  below for t h e  c a l c u l -  
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Maxima 

No, 

legs. 

r e l a t i v e  i n t e n s i t i e s  f o r  t h e  f i rs t  f i v e  maxima shou ld  be  

s imilar  f o r  t h e  two d i f f e r e n t  t r i p o d  cases. 

However, f ron  t h e  photographs it can  be s e e n  t h a t  t h e  

R e l a t i v e  I n t e n s i t y  f o r  a Uniformly I l l u m i n a t e d  

C i r c u l a r  Aper tu re  

Unobs t ruc ted  3 T r i a n g u l a r l y  shaped 
o b s t r u c t i o n s  (I$ = 90') 

( d b )  ( d b )  

5 

1 

-33.6 -24.0 

-17.6 

2 I -23.8 

3 

4 

-28.0 

-31.0 

-16.4 

-46.0 

-21 .6  

-44.0 

The t a b l e  shows t h a t  t h e  f i f t h  xaximum ( a l o n g  a l i g h t  

f a n )  f o r  t h e  t r i p o d  s t r u c t u r e  i s  a b o u t  1 0  db above t h a t  f o r  

t h e  u n o b s t r u c t e d  a p e r t u r e .  

e f f ec t  of t a p e r i n g  t h e  a p e r t u r e  d i s t r i b u t i o n  w i l l  be t o  re- 

duce t h e  r e l a t ive  l e v e l  of t h e  s i d e l o b e s .  

comparison between t h e  u n o b s t r u c t e d  and o b s t r u c t e d  a p e r t u r e  

s h o u l d  s t i l l  hold .  

As d i s c u s s e d  i n  s e c t i o n  2 ,  the 

However, t h e  

From t h e s e  r e s u l t s  i t  would a p p e a r  t h a t  t h e  secondary  

r a d i a t i o n  p a t t e r n  o f  t h e  Parkes a e r i a l  may e x h i b i t  a 60° 
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r a d i a l  symmetry and t h a t  t h e r e  nay e x i s t  s i x  ' r i b s '  of re- 

l a t i v e l y  h i g h e r  i n t e n s i t y .  

For  f u r t h e r  photographs  of d i f f r a c t i o n  p a t t e r n s  of 

o t h e r  a p e r t u r e s  t h e  r e a d e r  is r e f e r r e d  t o  t h e  i . ape r s  by 

S c h e i n e r  and Hirayama [SI and Harris C63. More r e c e n t  

a t t e m p t s  a t  s i m u l a t i n g  t h e  r a d i a t i o n  p a t t e r n s  of aerials have 

used  lasers C73, 

c o h e r e n t  l i g h t  and t h e  i n c r e a s e  i n  i n t e n s i t y  allows small  

a p e r t u r e s  t o  be u s e d ,  which f a c i l i t a t e s  s c a l i n g  of t h e  

aer ia l .  

The laser  p r e s e n t s  a most i n t e n s e  beam of 
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4. Expe r imen ta l  Pleasurcment of t h e  Secondary R a d i a t i o n  P a t t e r n  

The secondary  r a d i a t i o n  p a t t e r n ,  or p o l a r  p a t t e r n ,  of 

t h e  Parkes a e r i a l  has been measured for X = 75 c m .  The 

method used was t o  c o v e r  an  a r e a  of abou t  140 s q u a r e  degrees 

Ci,e, an area w i t h  an  a n g u l a r  r a d i u s  of a b o u t  7' from t h o  

s o u r c e  used]  a round a s t r o n g  r a d i o  s o u r c e  w i t h  a large number 

of s c a n s ,  A t  t h i s  wavelength  t h e  beamwidth i s  approx ima te ly  

4 8 '  arc and t h e  s c a n s  were t a k e n  a t  i n t e r v a l s  of 1 5 '  a r c ,  so 

t h a t  there was c o n s i d e r a b l e  o v e r l a p  between s c a n s .  

were made i n  t h e  form of a g r i d  so t h a t  any p a r t i c u l a r  scan 

c o u l d  be checked from a n o t h e r ,  which c r o s s e d  i t .  The sun 

was used  as a s o u r c e  for t h e  o u t e r  s i d e l o b e s  because  of i t s  

g r e a t  i n t e n s i t y ,  However, t h e r e  are some d i f f i c u l t i e s  and 

d i s a d v a n t a g e s  i n  u s i n g  t h e  sun because; 

The s c a n s  

(i) it i s  n o t  a p o i n t  s o u r c e ,  i n  fac t ,  a t  A = 75 cm it 

w i l l  be a l i t t l e  l a rge r  t h a n  i t s  o p t i c a l  s i z e  of 32' 

arc [ i . e .  i t  w i l l  be about  of a bea rmid th  widel .  

T h i s  ex tended  s o u r c e  w i l l  have a smoothing e f f e c t  on 

the  p a t t e r n  as it w i l l  f i l l  in t h e  minima and lower 

and broaden t h e  maxims, 

(ii) I t  does n o t  have a uniform b r i g h t n e s s  t e m p e r a t u r e  

d i s t r i b u t i o n  ( t h e r e  is s t i l l  some l imb b r i g h t e n i n g  a t  

X = 75 c m ) ,  n o r  does  it have a c o n s t a n t  t e m p e r a t u r e  

from day t o  day ,  due t o  sunspo t  a c t i v i t y .  
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(iii) It  does n o t  have  a c o n s t a n t  p o s i t i o n  i n  the sky  re- 

l a t i v e  t o  t h e  e a r t h ,  This  m a n s  t h a t  s c a n s  done on 

d i f f e r e n t  days  have d i f f e r e n t  sky backgrounds.  

Because o f  t h e  s u n ' s  r e l a t i v e l y  large s i z e  it was n o t  

To do t h i s ,  a n o t h e r  p o s s i b l e  t o  n e a s u r c  t h e  f i r s t  s i d e l o b e .  

source, Taurs  A ,  w a s  used. Taurus A is o n l y  of 3,5 '  arc i n  

d i a m e t e r  b u t  i t  i s  of course n o t  n e a r l y  as sTronp; as t h e  sun. 

The d i s a d v a n t a g e  i n  u s i n g  Taurus i s  t h a t  i t  l i e s  n e a r  t h e  

g a l a c t i c  p l a n e ,  so  t h a t  a t  h = 7 5  c m  t h e  b a s e l i n e  of scans 

t h r o u g h  it s l o p e  q u i t e  steeply,-, 

It i s  p o s s i b l e  t o  c o r r e c t  f o r  most of t h e  above e f f ec t s  

t o  o b t a i n  a reasonable e s t i m a t e  of t h e  secondary  r a d i a t i o n  

p a t t e r n .  

p r o c e d u r e ,  t o g e t h e r  w i t h  t h e  reduction of t h e  r e s u l t s  and 

some comments on them, is given  below. 

A b r i e f  o u t l i n e  of t h e  expe r imen t31  equipment and 

- R e c e i v e r  and calibcgtm 

k b l o c k  diagram of t h e  c o n v e n t i o n a l  c r y s t a l  m i x e ~  re- 

c e i v e r  used  a t  Pa rkes  i s  shown i n  F i g ,  6(a), 

and performance are d e s c r i b e d  by Ikckzy  C 8 f ,  S i n c e  t h e  s u n ' s  

t e m p e r a t u r e  was v a r i a b l e ,  it was n e c e s s a r y  t o  neasure i t s  

t e m p e r a t u r e  w i t h  t h e  aer ia l  each day. 

a t  

- + 10,OOO°K from day t o  day ,  

I t s  c p e r a t i o n  

The s u n ' s  t e m p e r a t u r e  

X = 75 cm is a b o u t  150,000°K w i t h  a v a r i a t i o n  of a b o u t  

F o r t u n a t e l y ,  t h e r e  was no large 
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s u n s p o t  a c t i v i t y  when t h e  s c a n s  were t a k e n ,  however, s l i g h t  

changes i n  t h e  s u n ' s  t e n p e r a t u r e  d u r i n g  t h e  day may lead t o  

small errors  i n  c a l i b r a t i o n ,  The a r rangement  of t h e  ' f r o n t  

end '  of t h e  r e c e i v e r  for measuring the s u n ' s  t e m p e r a t u r e  i s  

shown in Fig. 6 ( c ) ;  a pad of approx ima te ly  36 db was p l a c e d  

between the feed and t h e  first p a r t  of t h e  r e c e i v e r ,  t he  p o s t  

d e t e c t o r  l e v e l  was t h e n  a d j u s t e d  so t h a t  t h e  sun was on scale 

or, t h e  r e c o r d ,  

b o t h  when t h e  ae r i a l  was o f f  and on t h e  sun  t o  check f o r  

r e c e i v e r  s a t u r a t i o n ,  

A noise s t e p  of a b o u t  25'K was t h e n  a p p l i e d  

The sun  was used as a s o u r c e  for measur ing  t h e  a e r i a l  

p a t t e r n  from t h e  second s i d e l o b e  ou twards ,  so t h a t  t h e  i n -  

t e n s i t y  here would be a t  l ea s t  20 db down on t h a t  of t h e  sun. 

Fig.  E(b)  shows a d i a g r a n  of t h e  r e c e i v e r  a r rangement  f o r  

measu r ing  t h e  s i d e l o b e s .  For maximum s t a b i l i t y  on low 

s i g n a l s  the  r e c e i v e r  s h o u l d  be approx ima te ly  balanced, Thus 

f o r  v e r y  low s i g n a l s  (10' t o  1 0 0 ~ ~ )  a r e c e i v e r  t e r m i n a t i o n  

immersed i n  l i q u i d  nitrogen would be used ,  and f o r  h i g h  

s i g n a l s  (200' t o  300°K) a room t e m p e r a t u r e  t e r m i n a t i o n  would 

be u s e d  for t h e  r e c e i v e r .  

I n s t e a d  of u s i n g  n o i s e  stsps of d i f f e r e n t  magni tudes 

t o  ca l ibra te  t h e  r e c e i v e r  when used f o r  s i d e l o b e  measurement, 

it was found t o  be much more a c c u r a t e  t o  use an  i n c r e m e n t a l  

method ( s e e  F i g , G ( d ) ,  This method i n v o l v e d  add ing  a small 
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n o i s e  s t e p  ( u s u a l l y  abou t  10'K) t o  t h e  r e c e i v e r  a t  d i f f e r e n t  

r e c e i v e r  o u t p u t  l e v e l s ,  t h e  d i f f e r e n t i a l  i n c r e a s e  i n  r e c e i v e r  

o u t p u t  was t hen  measured and p l o t t e d  a g a i n s t  t h e  t o t a l  re- 

c e i v e r  l e v e l ,  

a t u r e  a g a i n s t  o u t p u t  d e f l e c t i o n  on t h e  pen recorder c h a r t  was 

o b t a i n e d  which takes i n t o  account  any n o n - l i n e a r i t y  and s a t u r -  

a t i o n  of t h e  r e c e i v e r ,  

By i n t e g r a t i o n  a c a l i b r a t i o n  cu rve  of temper- 

I f  t h e  aer ia l  t empera tu re  of t h e  sun = Tsa t h e n ,  

s i n c e  t h e  s idelobe l e v e l s  were measured w i t h  3 db a t t e n u a t i o n  

between the  f e e d  and t h e  r e c e i v e r s t h e  s i d e l o b e  l e v e l  i s  g iven  

scan  
Tsa 

G = 10loglo b 

Hence f o r  a g iven  s i d e l o b e  l e v e l  G db t h e  scan  

temperature w i l l  be 

rn 
Sa J. 

Tscan = a n t i l o g l O  (&) b 

T h i s  scan  t empera tu re  can then  be conver t ed  t o  r e c o r d e r  de- 

f l e c t i o n  from t h e  c a l i b r a t i o n  curves .  T h i s  e n a b l e s  chosen 

sidelobe l e v e l  c o n t o u r s  t o  be drawn from the  s c a n s ,  

From a comparison of t h e  c a l i b r a t i o n  c u r v e s  o b t a i n e d  

by t h e  i n c r e m e n t a l  method t h e  maximum d ive rgence  appeared  t o  

be less t h a n  1 db, Thus a mean cu rve  was used i n  t h e  r e c o r d  

c a l i b r a t i o n  so t h a t  t h e  c a l i b r a t i o n  accu racy  shou ld  be less 

t h a n  - + 0.5 db. 



3 4 .  

Record r e d u c t i o n  

The c a l i b r a t i o n  of t h e  r s c o r d s  has been descr ibed i n  

t h e  p reced ing  pa rag raphs ,  however, t h e  most d i f f i c u l t  p a r t  

of t h e  r e c o r d  r e d u c t i o n  i s  i n  p l o t t i n g  o u t  t h e  s c a n s  r e l a t i v e  

t o  t h e  a e r i a l  as t h e  c e n t r e  of t h e  c o - o r d i n a t e s .  

when made, are i n  e q u a t o r i a l  c o - o r d i n a t e s  t h a t  i s  e i t h e r  i n  

r i g h t  a s c e n s i o n  (a), d e c l i n a t i o n  (61, o r  a combinat ion of 

both .  The e q u a t o r i a l  co -o rd ina te s  are measured u s i n g  t h e  

ear th 's  a x i s  as a r e f e r e n c e ,  but t h e  Parkes a e r i a l ,  of course, 

s i ts  on t h e  surface of t h e  e a r t h  and c o - o r d i n a t e s  based o n '  

t h e  t e l e s c o p e  as t h e  r e f e r e n c e  p o i n t  are referred t o  as 

a l t a z i m u t h  c o - o r d i n a t e s .  

t o r i a l  and a l t a z i m u t h  co -o rd ina te s  i s  shown i n  F i g ,  7 ( a ) ,  it 

i s  drawn assuming t h e  o b s e r v e r  i s  o u t s i d e  bo th  t h e  ear th  and 

t h e  ce les t ia l  sphe re .  Hence t h e  r i g h t  a s c e n s i o n  w i l l  i n c r e a s e  

eastwards ( i * e ,  t o  t h e  r i g n t  i n  t h e  f i g u r e )  and t h e  d e c l i n -  

a t i o n  w i l l  i n c r e a s e  nor thwards  (upwards i n  t h e  f i g u r e ) .  

The scans ,  

The r e l a t i o n  between t h e  equa- 

For t h e  ae r i a l  t h e  z e r o  of t h e  azimuth has been chosen 

t o  c o i n c i d e  w i t h  t h e  t r i p o d  l e g  ( t h e  l i f t  leg) about  which 

t h e  ae r i a l  t i l t s  t o  change i t s  z e n i t h  angle. I n  p l o t t i n g  

o u t  t h e  s c a n s  i n  a l t a z i m u t h  c o - o r d i n a t e s  [see F ig ,  7 ( b )  f o r  

a d iagram showing R.A. and Dec, s c a n s ]  t h e  convent ion  

adopted was t o  assume t h a t  t h e  c e n t r e  of the p l o t  i s  t h e  

aer ia l  and t h a t  t h e  position of t h e  scan r e p r e s e n t s  t h e  
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s o u r c e ' s  p o s i t i o n  r e l a t i v e  t o  t h e  aer ia l .  

t h e  a e r i a l  from o u t s i d e  t h e  c e l e s t i a l  s p h e r e ,  it i s  s e e n  t h a t  

i f  i t  i s  a t  a d e c l i n a t i o n  more p o s i t i v e  t h a n  t h a t  of t h e  

souz'ce, t h e n  t h e  s c a n ' s  p o s i t i o n  r e l a t i v e  t o  t h e  a e r i a l  w i l l  

be on t h e  o p p o s i t e  s i d e  t o  t h e  r e f e r e n c e  t r i p o d  leg. 

S i m i l a r l y ,  i f  t h e  aer ia l  is  a t  a F i g h t  a s c e n s i o n  more 

p o s i t i v e  t h a n  t h e  s o u r c e  ( i . e .  e a s t w a r d s ,  or t o  t h e  r i g h t  i n  

t h e  d i a g r a m ) ,  t h e n  t h e  scan  w i l l  be s i t u a t e d  on t h e  l e f t  s i d e  

of t h e  reference t r i p o d  l e g .  This  i s  shown more c l e a r l y  i n  

Fig.  7 ( c )  f o r  Ohr*hour ang le .  

Thus l o o k i n g  a t  

I n  t h e  a c t u a l  p l o t t i n g  of t h e  scans it i s  n e c e s s a r y  

t o  t a k e  tvo o t h e r  t h i n g s  i n t o  account .  These are t h e  

p a r a l l a c t i c  a n g l e  change and the cos  6 f a c t o r  which modi- 

f i es  the  r i g h t  a s c e n s i o n  offset, The p a r a l l a c t i c  a n g l e  ( p >  

is t h e  a n g l e  between t h e  e q u a t o r i a l  and a l t a z i m u t h  co- 

o r d i n a t e s ,  and it can b e  s e e n  from Fig.  7 ( a )  t h a t  i t  v a r i e s  

a c c o r d i n g  t o  t h e  h o u r  a n g l e  (1I.A.) of t h e  s o u r c e ,  where: 

M.A. = S i d e r i a l  Time - Righ t  Ascension , 

The p a r a l l a c t i c  a n g l e  change must be  t a k e n  i n t o  a c c o u n t  

i n  p l o t t i n g  o u t  t h e  s c a n s ,  it may change by up t o  15' i n  a 

s c a n ,  and t h i s  c a u s e s  scans which are p a r a l l e l  i n  e q u a t o r i a l  

c o - o r d i n a t e s  t o  be skewed r e l a t i v e  t o  one a n o t h e r  when p l o t t e d  

i n  a l t a z i m u t h  c o - o r d i n a t e s .  
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The second e f f ec t  c a u s e s  d e c l i n a t i o n  s c a n s  t o  be 

curved .  Th i s  i s  b e s t  i l l u s t r a t e d  by an  example. Suppose w e  

have  a d e c l i n a t i o n  s c a n  from 6 = - 10' t o  6 = - 25' and 

t h a t  when 6 = 0' t h e  r i g h t  a s c e n s i o n  o f f s e t  Act = 4.0" , 
0 t h e n  f o r  6 =-lo ; A U  = 4.0 COS 6 

= 4,o cos LO0 

= 3,94O 

and f o r  6 = -25' Aa = 4.0 cos 25' 

= 3.73O , 
so t h a t  t h e  r i g h t  a s c e n s i o n  o f f s e t  has changed d u r i n g  t h e  

s c a n ,  due t o  t h e  chznge i n  t h e  d e c l i n a t i o n ,  Fig.  7 ( d )  

summarizes t h e s e  e f f e c t s ,  t h e  f i r s t  s k e t c h  shows a series of 

p a r a l l e l  s c a n s ,  t h e  second s k e t c h  shows them curved  due t o  

t h e  c o s  6 e f fec t  and the t h i r d  s k e t c h  shows t h e  e f f e c t  o f  

b o t h  cos 6 and t h e  change i n  p a r a l l a c t i c  angle, w i t h  t h e  

r e s u l t  t h a t  t h e  scans become s p r e a d  out i n  a f a n ,  

When t h e  sun  i s  used  as a s o u r c e ,  i t s  r i g h t  a s c e n s i o n  

and  d e c l i n a t i o n  change th roughou t  t h e  day. However t h e  

a v e r a g e  changes are abou t  2 .5 '  a r c / h r .  i n  r i g h t  a s c e n s i o n  

and 0.7' arc/hr.  i n  d e c l i n a t i o n ,  so t h a t  i n  a s c a n  which took 

a b o u t  1 0  minu tes  of t i m e  it was s u f f i c i e n t l y  accurate t o  

assume a f i x e d  position f o r  the sun  for each  s c a n  f o r  t h e  

record r e d u c t i o n .  
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3 7 .  

R e s u l t s  

The d iagram i n  F i g .  9 shows t h e  p r e l i m i n a r y  c o n t o u r  

diagram o f  t h e  o u t e r  secondary  r a d i a t i o n  p a t t e r n  o b t a i n e d  from 

sun  s c a n s .  I t  i s  p r e l i m i n a r y  because  c o r r e c t i o n  f a c t o r s  have  

n o t  been a p p l i e d  f o r ;  

(i) t h e  ex tended  s o u r c e  s i z e  of t h e  s u n  which causes  a 

smoothing of t h e  p a t t e r n ,  and 

(ii) t h e  non-uniform sun  b r i g h t n e s s  t e m p e r a t u r e  d i s t r i b u t i o n .  

These were mentioned a t  t h e  b e g i n n i n g  of s e c t i o n  4.  

However, some a t t e m p t  was made t o  accoun t  f o r  t h e  f a c t  that 

t h e  sun  i s  n o t  s t a t i o n a r y  r e l a t i v e  t o  t h e  sky  background by 

examining  survey r e c o r d s  of t h i s  background. These were 

s e a r c h e d  for s o u r c e s  which may cause  errors by p roduc ing  

s p u r i o u s  r e s p o n s e s  on t h e  records . 
The c e n t r e  r e g i o n  c o n t a i n i n g  t h e  f i r s t  s i d e l o b e s  was 

measured u s i n g  Taurus A as a s o u r c e ,  and i s  shown i n  F i g ,  1 0 .  

The method o f  p l o t t i n g  t h e  s c a n s  was t h e  same as t h a t  used for 

t h e  s u n  scans. A t  X = 75 c m  Tzurus A has an a n g u l a r  d i a m e t e r  

of a b o u t  3 .5 '  arc (2 .e .  abou t  one t e n t h  t h e  diameter of t h e  

s u n  a t  t h i s  wavelength) .  

The ae r i a l  t e m p e r a t u r e  o f  Taurus was measured and found 

t o  b e  a b o u t  820°K. 

of a b o u t  150,000°K for t h e  sun .  

s o u r c e  r e l a t i v e  t o  t h e  s u n ,  t h e  s i d e l o b e  i n t e n s i t y  w i l l  be 

This  compares w i t h  an a e r i a l  t e m p e r a t u r e  

S i n c e  Taurus i s  a ve ry  weak 



FIG. 9 DIRECTIONAL RESPONSE AT h=75 cm. 
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Levels in db  down from the centre 
of the main beam. 
Feed Polarization para l le l  t o  the 
reference ( l i f t )  Tripod Leg. 

---- Circles show theoretical 
positions of the secondary maxima 
for an unobstructed aperture. 

SCALE 20.1” 

FIG. 10 DIRECTIONAL RESPONSE AT h=75 cm. 

(Taurus A as Source.) 
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very  low (e .g .  a s i d e l o b e  2 0  db down on t h e  main beam would 

g i v e  an aer ia l  t e m p e r a t u r e  of  on ly  8 K), Thus t h e  r e c e i v e r  

i s  used  w i t h  no a t t e n u a t i o n  b e f o r e  t h e  feed and w i t h  t h e  

r e f e r e n c e  t e r m i n a t i o n  immersed i n  l i q u i d  a i r ,  The r e c e i v e r  

o u t p u t  will be l i n e a r  f o r  t h e s e  low i n t e n s i t i e s  from t h e  s i d e -  

l o b e s  and s o  a s t r a i g h t  l i n e  graph was used for t h e  r e c o r d  

c a l i b r a t i o n ,  

0 

The main d i f f i c u l t y  i n  u s i n g  Taurus  as a s o u r c e ,  as 

already mentioned,  i s  t h a t  it l i e s  c l o s e  t o  t h e  g a l a c t i c  

p l a n e .  Th i s  causes  many o f  t h e  s c m s  t o  have  b a s e l i n e s  which 

have  a c o n s i d e r a b l e  s lope ,  

If F i g u r e s  9 and LO are compared i n  t h e  r e g i o n s  where 

t h e y  o v e r l a p ,  i t  can b e  s e e n  t h a t  t h e y  a g r e e  i n  t h e  g e n e r a l  

form o f  t h e  c o n t o u r s ,  e x c e p t  f o r  a very  h i g h  r e q i o n  a l o n g  t h e  

d i r e c t i o n  o f  t h e  r e f e r e n c e  t r i p o d  l eg  i n  F i F .  1 0 .  T h i s  h i g h  

r e g i o n ,  which i s  abou t  2 0  db down on t h e  main beam and about  

2 $ 
anomaly as i t  appeai,ed on several  d i f f e r e n t  s c a n s  th rough  

Taurus ,  I t  may be due t o  a s m a l l  s o u r c e  or it may be  due t o  

some o t h e r  i r r e g u l a r i t y  i n  t h e  background due t o  t h e  ga l axy .  

The o t h e r  p o i n t  t o  n o t e  i s  t h a t  a l l  t h e  i n t e n s i t y  l e v e l s  

on F ig .  1 0  t e n d  t o  b e  two o r  three db h i g h e r  t h a n  t h e  c o r r e s -  

ponding  l e v e l s  i n  F ig ,  9 .  T h i s  i s  p r o b a b l y  due t o  t h e  f ac t  

t h a t  Taurus  i s  much more n e a r l y  a p o i n t  s o u r c e  t h a n  t h e  sun  

from t h e  centrie of t h e  n a i n  beam, seems t o  be a genuine  
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s o  t h a t  l i t t l e  s n o o t h i n g  of t h e  con tour s  o c c u r s ,  Another  

f a c t o r  i s  t h a t  t h e  g e n e r a l  background may b e  a t  a s l i g h t l y  

r a i s e d  i n t e n s i t y  due t o  the  g a l a c t i c  p l a n e  b e i n g  so c l o s e  t o  

t h e  p o s i t i o n  of Taurus ,  

However, i t  a p p e a r s  f rom F ig ,  1 0  t h a t  t h e  a v e r a g e  

l e v e l  o f  the  f i r s t  s i d e l o b e  is about  2 0  db down on t h e  main 

beam. 

I n  a d d i t i o n ,  t h e  3 db beamwidths have  been measured 

f o r  A = 75 c m  and A = 2 1  c m  , u s i n g  Taurus as a s o u r c e ,  

I n  t h e  f o l l o w i n g  t a b l e  t h e  results are shown compared w i t h  

t h e  t h e o r e t i c a l  v a l u e s  for t h e  Gaussian t a p e r e d  a p e r t u r e  

d i s t r i b u t i o n  of s e c t i o n  2 ,  



3 db Beamwidths 

A = 21 c m  

Exper imen ta l  1 4 . 7 '  

T h e o r e t i c a l  13.8' 

(Gauss i an  Tapered 

A p e r t u r e  D i s t r i b u t i o n )  

h = 75 c m  

4 8 . 6 '  

49 .4 '  

The agreement  between t h e  t h e o r y  and expe r imen t  i s  

v e r y  gcod, even though t h e  t h e o r e t i c a l  r e s u l t s  are based  on 

scalar d i f f r a c t i o n  t h e o r y ,  

I n  t h e  d iagram of t h e  secondary  p a t t e r n  ( F i g ,  9 )  i t  

s h o u l d  be n o t e d  t h a t  t h e  d i p o l e  f e e d  p o l a r i z a t i o n  was v e r t i c a l  

( i . e ,  the  E p l a n e  of t h e  d i p o l e  w a s  p a r a l l e l  t o  the reference 

t r i p o d  l e g  - t h e  l i f t  l e g ) .  

V i t h  r e g a r d  t o  t h e  accu racy  of t h e  c o n t o u r  l e v e l s  of 

t h e  p o l a r  p a t t e r n ,  b e s i d e s  t h e  e r r o r s  a l r e a d y  mentioned,  v i z .  

c a l ib ra t ion  a c c u r a c y  and sun  t e m p e r a t u r e  v a r i a t i o n ,  a n o t h e r  

s o u r c e  of e r r o r  i s  due t o  any i r r e g u l a r i t i e s  i n  t h e  base l ine  

of t h e  scans. 

v a r i a t i o n  i n  t h e  b a s e l i n e  would c a u s e  an  e r r o r  i n  t h e  r e l a t i v z  

i n t e n s i t y ,  which would be  g r e a t e s t - ,  of c o u r s e ,  f o r  t h e  l o w  

l e v e l  i n t e n s i t i e s ,  An estimate of the errors i n  t h e  con- 

t o u r s  of t h e  p o l a r  d iagram i s  given i n  t h e  t a b l e  below:- 

The s c a n s  were very  long ( a b o u t  12O) and any 
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Nominal Contour  

Level 

db 

Approx. Error due t o  C a l i b r a t i o n  and 

B a s e l i n e  U n c e r t a i n t i e s  

db 

-26 

-29 

-32 

-35 

-38 

-41 

-44 

-47 

+ 0.5 - 
+ 0.5 - 
+ 0.6 - 
+ 0.8 - 
+ 1.0 - 
.f 1.5 - 
+ 2.0 - 
+ 3.0 - 

Comments 

The p r e l i m i n a r y  p o l a r  p a t t e r n  (F ig .  9) does n o t  show 

any clear p a t t e r n  con tour s .  However, t h e r e  are six somewhat 

marked r i d g e s  of h i g h  i n t e n s i t y ,  which do o c c u r  approx ima te ly  

a t  r i g h t  a n g l e s  t o  t h e  d i r e c t i o n s  of t h e  t r i p o d  legs .  

s t r o n g e s t  of t h e s e  a p p e a r s  i n  a d i r e c t i o n  a t  r i g h t  a n g l e s  t o  

t h e  reference o r  l i f t  t r i p o d  leg .  

are some secondary  r i d g e s  of lower i n t e n s i t y  which t e n d  t o  

o c c u r  i n  d i r e c t i o n s  p a r a l l e l  t o ,  and a l o n g s t h e  t r i p o d  legs. 

Even though t h e  p a t t e r n  i s  u n c o r r e c t e d ,  there d e f i n i t e l y  

The 

I t  also a p p e a r s  t h a t  t h e r e  
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seems t o  be some c o r r e l a t i o n  wi th  t h e  t h e o r e t i c a l l y  p r e d i c t e d  

form of  t h e  p a t t e r n  from s e c t i o n s  2 and 3 .  

The p a t t e r n  i s  very broken up and t h i s  nay be due to 

some of t h e  f o l l o w i n g  e f fec ts  : 

(i) The n a t u r e  of t h e  t r i p o d  l e g s ,  

(ii) The c r o s s  p o l a r i z a t i o n  of the  f e e d .  

(iii) Tha t  a doub le  s ide-band r ece ive r  was used ,  

(iv) S u r f a c e  errors i n  the r e f l e c t o r .  

(VI Small er;:.ors i n  i n t e n s i t y  levels. 

The e r r o r s  i n  t h e  i n t e n s i t y  levels ( V I  have a l r e a d y  

been estimated. CIJith regard t o  s u r f a c e  e r p o r s ,  f o r  

h = 75 c m  , t h e  R.M.S. surface error i s  approx ima te ly  3 t o  

4 mm, so t h a t  e r r o r s  dun t o  t h i s  s h o u l d  be n e g l i z i b l e ,  

The main m o d i f i c a t i o n s  of t h e  polar p a t t e r n  would 

p r o b a b l y  b e  caused  by t h e  f i rs t  three irems &over I t  was 

ment ioned  i n  s e c t i o n  2 t h a t  t h e  t r i p o d  legs, which c o n s i s t  

of a s t e e l  l a t t i c e ,  do n o t  a c t  as a s imple  absos?ber, bt1.t: 

would s c a t t e r  and r e - r a d i a t e  ene rgy  f a l l i n g  cn them i n  a 

c o m p l i c a t e d  manner as well as a b s o r b i n g  r a d i a t i o n ,  

The cross p o l a r i z a t i o n  of t h e  feed ,  which w a s  a 

doub le  d i p o l e  i n  t h i s  case,  woulc! produce  h i g h  s i d e l o b e s  i n  

d i r e c t i o n s  a t  45' t o  t h e  p o l a r i z a t i o n  of t h e  d i p o l e  C93,ClOI. 

The f e e d  p o l c r i z a t i o n  was p a r a l l e l  t o  t h e  r e f e r e n c e  o r  l i f t  



t r i p o d  leg. The c r o s s - p o l a r i z a t i o n  lobes have  t h e i r  main 

e f fec t  i n  t h e  f i r s t  s i d e l o b e  r e g i o n ,  s o  t h a t  o n l y  secondary  

e f fec ts  shou ld  c o n t r i b u t e  t o  the  p a r t  o f  t h e  polar p a t t e r n  

shown i n  F ig ,  9 ,  

An e f fec t  which i n c r e a s e s  w i t h  i n c r e a s i n g  s i d e l o b e  

number ( i . e .  for i n c r e a s i n g  8 1 i s  t h a t  due t o  t h e  u s e  o f  a 

double  s ide-band r e c e i v e r ,  The r e c e i v e r  which o p e r a t e s  a t  

408  1.111~ has two s ide-bands  s e p a r a t e d  by 2 0  IlIiz. T h i s  re- 

p r e s e n t s  a d i f f 2 r e n c e  i n  wavelength o f  1/2 % between t h e  two 

s ide -bands ,  I n  t h e  scalar d i f f r a c t i o n  t h e o r y  t h e  p o s i t i o n  

of t h e  s i d e l o b e s  i s  g i v e n  as a f u n c t i o n  o f  u where 

u = -  nD sin 8 , ?%us f o r  t h c  same v a l u e  of 8 t h e r e  will be x 
two v a l u e s  of u d i f f e r i n g  by 1 / 2  B so  t h a t  t h e  r e s u l t a n t  

p a t t e r n  w i l l  c o n s i s t  of t h e  a d d i t i o n  of t h e  i n t e n s i t i e s  of 

two r a d i a t i o n  p a t t e r n s  s h i f t 2 d  by 1 / 2  % r e l a t i v e  t o  one 

a n o t h e r ,  This would cause  l i t t l e  e f f ec t  i n  t h e  main beam o r  

n e a r  i n  s i d e l o b e s ,  b u t  i t  would t e n d  t o  modify t ne  f a r  o u t  

s i d e l o b e s  c a u s i n g  t h e  minima t o  be f i l l e d  i n  and t h e  maxima 

t o  be reduced.  Th i s  would cause a smoothing of t h e  p a t t e r n  

for t h e  f a r  out s i d e l o b e s .  Because t h e  s i g n a l s  are n o i s e  

the r e s u l t a n t  o u t p u t  from t h e  two s ide -bands  w i l l  be t h e  sum 

o f  t h e  t w o  powers from t h e  i n d i v i d u a l  s ide -bands ,  
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To g e t  some i d e a  of t h e  q u a n t i t a t i v e  e f f e c t  of t h e  

o v e r l a p p i n g  of t h e  two p a t t e r n s ,  t h e  a n g l e  8 where a 

minimum of one p a t t e r n  c o i n c i d e s  w i t h  a maximum of t h e  o t h e r  

p a t t e r n  w i l l  be e s t i m a t e d  for a uni formly  i l l u m i n a t e d  a p e r t u r e .  

The e x p r e s s i o n  f o r  t h e  r a d i a t i o n  p a t t e r n  i n t e n s i t y  is (from 

e q ,  9(a)) :- 
J , (u)  2 

I ( u )  = C 2 a c  II 3 

I 
I 
I 
I 

The p o s i t i o n s  of t h e  minima m e  g i v e n  by t h e  zeros of 

J1(u) . The approximate  s p a c i n g  between a d j a c e n t  minima does 

n o t  v a r y  greatly as u i n c r e a s e s  and i s  a b o u t  Au 3 . 0 .  

F o r  a maximum of one p a t t e r n  t o  o v e r l a p  a minimum of t h e  

o t h e r  p a t t e r n  t h e  d i f f e r e n c e  in t h e  two v a l u e s  of u (corres- 

ponding t o  t h e  t w o  d i f f e r e n t  A's of t h e  s i d e b a n d s )  must be 

a p p r o x i m a t e l y  1 . 5 .  S i n c e  t h e  two v a l u e s  of u d i f f e r  by 

1 / 2  % , t h e  p o s i t i o n  where t h i s  will o c c u r  i s  u = 300 ( i * e .  

1 / 2  % of 3 0 0  = 1.5). 

Now 

u = -  nD s i n  e . x 
However, t h e  meximun v a l u e  of u i s  l i m i t e d  by t h e  

d i a m e t e r  of t h e  a p e r t u r e  and t h e  wavelength .  F o r  h = 75 c m  

t h e  m a x i m u m  v a l u e  of u i s  ( 8  = 90°) :- 
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- 71 x 2 1 0 ~ 3 0 . 5 4  
- 7- 

2 6 9  . 
Thus t h e  two p a t t e r n s  n e v e r  q u i t e  have a maxima and  minima 

c o i n c i d i n g  for t h i s  wavelength.  
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